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ABSTRACT

This thesis aimed to design and develop the voltage control circuit for
intelligent window in order to adjust the voltage level for applying to intelligent window
according to the level of light intensity or user requirement. It also included the study of
light intensity during-one day from 11:30 am to 5 pm. And measured the intensity of light
every 30 minutes for 3 days to obtain the light intensity for determining the analogue
values in Arduino code. They will be used for programming the voltage control circuit to

suit each voltage level set.

The result indicated that voltage control circuit designed for intelligent
window can be used as expected. That also included both manual mode and automatic
mode by using light sensor (LDR). By using light intensity to determine analogue value for
controlling the voltage centrol circuit in intelligent window. And these were the voltage
level for each level, level 0-at Q volt, level 1 at 15 volts, level 2-at 30 volts, level 3 at 45
volts and level 4 at 70 volts. For-each level, the voltage level will affect the light
transmission rate. Level 0 had a light transmission rate at 22.3 percent, level 1 at 28.8
percent, level 2 at 32.0 percent, level 3 at 33.2 percent and level 4 at 34.0 percent,
respectively. All of these values were compared with direct light intensity from outside. In

the future, it can be used in purpose for energy saving inside building.
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Laboratory 37U Kent State University lawmui PDCL d1wsunssaneugus

PDLC SMART WINDOWS:

Interiayer Conduttive =1
Film Liquid Crystal Coating =y
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gﬂ“'?'i 2.1 laseadneweanszan Liquid Crystals

NJULandlATIETIsUaINTEan Liquid Crystals JaUsznousianszanlsynuiu

ansuiu lasuSnudiuaulunsassazlameuniuidulndiues (Interlayer film) ausaendn



wiaeglugurasuiuiiduuis 9 (Liquid crystal film) wagipdeusmeansiiilniia (Conductive
coating) druuiliunsinatsasidundnvan (Liquid crystal layer) @sviwididusavaueas Tned
wssdglumsaduuna wdnnuismuaunsUadnlfuasmig

msmuquﬂ%mmmm@'uﬁamma’hwmLLaﬂﬁf-huL‘ﬁqmajmEJ’Luéhmmwz
ldannsomuauls wianusaszidenliinlilunszanuuulandouvulusawaavingu wodne
UsIuINUrasIin MsInsesdvamdnmalrfasidudunsadadeslanineiliiuassiudngm
laudeniunszanla widmgadeussiuagyhliuasldanunsadudanldtdesnielilliiae ua
%ﬁmmiﬂi’maaagj %qmm‘[ﬂ'ﬁmawaqﬂixaﬂﬁ?ﬁuagjﬁ'uﬂ%mmwﬁﬂmm'jwmim%’u‘éﬁ’uagmﬂ
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Yoeiiaala
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wandusves 3M lagnldlunseannisanitinonssalaaaniz Tne Viracon uas

Marvin nszan NCAR wunalvwajlagnainduuinn 12,5 47 uazsdnmaalagnusselilulnawes
= € = L4 o 1 1 d = € | o d'

wunIng n1sUsznaulnawesgnaiitsenine ITO dasunuiliadou Indleanes (PET) Aiviawiind
e e a o = cad [ ' = a ' =4 A
Juthlnihddninge Ysaunsaliinannsaassmnnnssanudunilsiaznanadinuiunismiodnain

nszanfnvsaesudy wanisdvaintaresguniniderasounguIzesivuavesdUsany
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e 19ing %&%uagjﬁ’umma%mmmmn luanneilen gunsalaeitudan weyiluanngien
msdehuadlidusadeu widlefinsiredaniliih sdnmangihmsiaiiesiadusadou
wazthlvinszanlusauas lnaunfudreunsnlivantiagyihnusswing 60V 51120 v AC (219tiopas
Tuowian) n1sldwdasuiasnda 20 W/mz2 uddesnisndasuedTdaiionfielilusanas
Tnevhludleieuiu EC mslindwuagganimdnumaanstzdeddndinusgisoios dns
dwhuiineaiulslugadninaudmiugunsal 3V-POLC el Tv(off-on) = 0.49-0.80 uas
Fuuszavsnisusiaazogii SC = 0.63-0.79 Laveunsatiddoniiovilgunsaliduiintulily
annazle gunsalvanwalLuUasseftugdululdlueuise LAININNAAILAUA AN BeuE
Ao naulaldiuariivuas efiaanuguegtranaulnldaulusela) uazeuatosse UV &
Tiorag wazioannmsld NCAP uag PDLC adauwivas s1aneasavanassnaiguiy
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wazAudululidnodrmilsdmiunszanife udnimaiviin guest-host Fuluazldluianad
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sudnfuRanwan JulasunmsWauntuinedmsunisiduansnadunan wagnldeudmsuns

Tgouuunising winwaiia guest-host faranduldldfiavgnunldlunisaindessiv

wuiilvg) Fwndnmarvntinisduidsunnmaisuasavesaunivit sugnldauniaus

sr8y 20-120 V AC srgsns1duauda 5 : 1 wazlilaldnisidudn ndnvarvial a1uisony

guningedutia 100 C egniiialag Asulab Tiainwesuaus dSmSuuiutuuaaLaynIzansa 34



nszansaNteantaunsadulasuainisazviaulasand A7 = 0.48-0.12 Tutian 15-360 ms

o w = a & a o = =
dmsunisidauazin ULﬁUaﬁWLﬁUIU‘lmUﬂWSWGMUWLﬂﬂEJ‘Sﬂ']W‘V]’NLﬂﬁlﬂﬁ?LLﬂ%UV VBINANLIAG

2.1.3 Wawasiia Dispersed Particles
o fa aa 6 L <
mMsimusyNALIuasslugunsalianinsidnduaznszanliunveaduan
1 a 1al 5 . = &
vl unediuvesuiiiuniganu1a1n Edwin Land of Polaroid Tull 1934 gunTBYNIA
wriuaegUsEnoulume Tunwus 3-59u uarduildauazgnldasssnitsilnihassd Tu
annzlaayninaznszannseaenagadunadld Walmsldawwlniheymamariazdnsoedi

AuauN il sasuRLLINnIY lngmiludasmsasiiuazegf 20-60%, 10-50%, 0.1-10%

Mo TIEInge 100-200 ms wswiulviildasduagfuauminuarszes 0-20 Tuauda 150

Vac

nmsanayAaLILasglagnrrasaunssdymmavadaiuiusinsiui
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WINKIUAT waznszanuwuia1anyinladialae Research Frontiers, Inc. (RFI) (Plainview, NY)

2
=Y

wiewdnsdns Saqdlsgminluldeynaliluidulngiied wanwdsne 50 RFI (0.46 §2-0.46
ih) Lagnléilumeenalusu Japan Steel Works Building (Fuchua, Japan) ﬂE}:ﬂJﬂﬁﬁ’]‘ﬁlﬁN’lu
Aefudesiiae Hankuk Glass Industries (Korea) , St. Gobain (Paris, France) @#5unszaniu
anUnenssu uaw Sanyo Electric &miuusuuansia dm3unszan DPS vilnduq Aldgniiaun

lng Toyota Labs laani1sannUasaunia @i Gloverbel, S.A. (Brussells, Belgium) fifdawaiun

nsganuuBudLaznss ey warannsavhlavatednae oy A1 e 1ha)



2.2 YUALAZUSZLANYBINTLAN

221 ﬂisﬁmﬁuma‘w (Insulated Glass)

U 2.2 Iﬂiaamwmmvaﬂaumaw (Insulated Glass)

NI¥ANBUYLAN ¥30NI8N31 G unit gANARTULIIEYTUUTLRBIRUIEUUAIY
Soulpeazvielunisinifiuanusau lagasndnduunannnszandsuuutuluAusgtesene 39

lnssaisdanaagdidlukinanmsiniiuanufeuluigguunuaziuaiuieulugngsou

nszANdumaniinalun1sTIBaANSaINIUAILEDUTH U ZAL I Fevunn

'
=

°UE]\‘1ﬂ‘iﬁ’\]ﬂa‘u‘?.iLfﬂG]ﬁL“fjuﬁuﬁlﬂ\lﬂ’]ﬂﬁﬂﬂlUL%\iW%ﬁ‘ﬁéﬁﬂLLUU“ﬂU’WI N2AN 6 1.1, YDIDINF 12 1.4

WarnNszan 6 4.4, Iﬂawmaumqﬂmw 1IN TANDY E‘L YUNT DY y"l_iﬁ’ﬁﬂ“ﬂﬂ'ﬂll%m,ﬁﬂﬁﬂ

q

= s i

rugunglunsganduyian uenannluillasnnevgiilisuduiagiflmauudouss wasdaudu
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fANUSaUTIABNAY FeluaUTaEd o RiNANNANUDIAI LS DUSTEMI NLAUNANNTZANUEE

YAUNITLAN FINUIEINA AR STINMLazanA1duUT=ans U Bnee

11 el

U hy ky h
where R = overall thermal resistance of a Enen edge seal (W /(m K)),
8] = overall thermal transmittance (m K/W)
t = spacer thickness (m),
h, = outside heat transfer coefficient, hy = 30.0 W/(m’K),
h; = inside heat transfer coefficient, h; = 8.0 W/(m’K).

JUA 2.3 aunislunismiszegdasinimangauesnsyandugan
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DOUBLE GLAZING

GLAZE FOIL THICKNESS GAS NOISE REDUCTION (dB)

2/3 PVB 240 Argan 34

U 2.4 mwannsalunisananniymadewainszandugian

L%

2.2.2 nszanleenuad (Tinted Glass or Heat Absorbed Glass)

= = a =
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1 = e
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Compare Substrate Transmission %  Reflectivity % U-Value
Winter Winter Summer
Exterior Visible Solar Vis. Vis- Relative
Appearance Product Outboard  Inboard Light uv Energy Out In Energy :light Night Day Heat Gain SHGC LSG
rgon  Alr Alr
[} Clear SuperNeutral 68 Clear Clear 68 30 3 ‘11 12 333 028 029 028 90 038 180
7} Green SuperNeutral 68 (£3} Green Clear §8 15 24 10 10 10 025 029 028 84 035 164
) Dark SuperNeutral 68 (83) TwilightGreen Clear 51 9 20 SO0 025 029 028 73 030 168
Green
7 Light SuperNeutral 68 (83)  CrystalGray  Clear 48 17 23 '9 10 17 025 029 0.28 84 035 138
Gray
Blue SuperNeutral 68 (£3)  CrystalBlue  Clear 4 19 23 8 10 22 025 029 o028 B4 035 126
Bronze SuperNeutral 68 (#3) Bronze Clear 41 12 20 T-8 15 025 029 028 75 031 131
Gra SuperNeutral 68 (£3) Clear ¥ 13 18 9 7 26 029 028 72 030 116
d d b e ?IQQ""% °

JUN 2.5 uansmduUszansndAgueinszandana|iu

2.3 gunsaludasdunasnunidlulsesitasvesnszandaaies
2.3.1 nilautaslwi

wilandasidugunshinidlni il uesrsalunisutasmasaulbihannies
wilsgdnssuielndhifeamdnusnedmsffamilagass Bmeldmavionhsmeien
ynanunL Seviabianiisaaswinuainaavisgaenavisleloy i deurnenuiuasiads
anunsadensaivissiuiisengasasiiaeslédndne dmmnusuanssuat Tuvnsaniazanse
Uivaseatnuudiiinfiunngidleidn Smdsunduanni asusugignagygatiulilae
AUNLWENA N

2.3.1.1 wanmMaiautemlsulss

M ure e ivasliREismERAs NNy Mswdeawes luda Wi

e uazaunsafmuangAnTsuvemdaudatldan waaedildiuseulumioudas Fsngues Tu

Wa v ued lanarieliin iWenszualwivlwar uawiuulivdnavdildifiansindeunives

mdiluauuuiwinuazdelfifauwsuadeulwihluddidudie siuds ngiiin wuintes
i - o [ o (] e & 1 = v

wsandoulwihmilenihazidudaduiudasnisvasuwlawesauuudmdndnde Tasdn

aumulwmdnidenfuduinindesivenainil swgugiuazyiszgilideiuuds fAegauisa

e unaI Ui serInasialeelidssdudaduniclany
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2.3.1.2 siavessendasludssuausesulnia

1.

Step-up Transformer

1u Step-up Transformer Wy agdiS1uauseuivnainilmissgluinnirdrurusoudiile

o '
=W o a2 e | o

Ugugdl deiuatumg i ssfuussduidiesnmanilimiissgifidnfiunnndidsuzugl

wilunanduiu memuilsiezgifasifinnszualiihluvinadidesninileugunfivng

43 Y

LU
Step-down Transformer

lu Step-down’ Jransformer 1 Wi wIysoUnTaani s aggiidesnnitdiuiusey
unisvguadduiannunniafleaniesgd wazly

£Y)

as

nlsUgugliAanaluna-sgrulsen
vouLfigany Yimunszuanimasilaemaezglifussdvsinninnniivesalgugd

ABLguLAan
Tap-change-Iransformer

' u P s @ o Y
yeslavsnglumsathi Tap-change Transformer Ao oML AU AL IS ULS T UAULT
DONUBIMIaRUAY FeaUsansZlALAe USUS1inusoussuRaInvs e lauusnsidiu

nsfuseumisuUayidemnusadmungadsssssindaiooenldinnnimiisgs vl

Ugunlasniesnd tnogedase

U
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2.4 gunsalinaqitldlunisaugunisinuvessasidaesnsyansaaies
2.4.1 lulaspaulvatass (Microcontroller)

lulaspaulvsaiass (MTaMCU dm3Su microcontroller unit) Wuasanavuiadn
ﬁa&ﬂmwsmmwmﬁ'm sﬁa%ﬁﬁ'g%ﬁg(pmcessor core)agumfiw%amﬂﬂd'l WiouAae
wihganuIuazdedunatazioing lulasaeulnsameiiinazgnldlunulssianaunussuy
ATsdnsuuusaludd LUSTUUAIUANLATBIBUATDIN VS guNsalnIINITUNNE waz
inTealdlnflrdgq8nunune dren1sanauin waziisususiaiveslulaslusioaives

wiI8AINTT WA Yosdunnuaziarvinnuuvuenud axilsianfiduduinndn viale

lulasreulvsame fiunfauldlunsmuaugunsaiograunsvians

UM 2.6 Lulasmaulnawaasuinmingg

v o o

lulasmaulnsataeivisusstnnetaasld Ade 4 Oe tazdaldufiniuien

'
) @ =l

Uszuned 4 Alawdsea dnsusnvunldmasins lumibhuiadteansolulasiad) Tneuniuda

U
o

Lulasmeulnsataesariiamauisalumsinwilsidunisieulldluvasiisemanisali

6

Amupegiiy nsiaduwiandsindazuuudug Ssnslilnluvazeluaniusvdu @igadon

el

wazduduqdnUanslyanw) orafulndesfamdnuiluied vililulasroulnsaaesivuie

AUSUNNTITUNEIUY
2.4.1.1 213lu (Arduino)

. = ¢ a g P ¢ & ¢ ¢
Arduino LUULL‘W@C‘]W@?M@L'ﬂﬂ”ﬂﬁ‘i)UﬂﬁLLU‘UI@LWU%@?ﬁUUWUﬂ?U%@QﬁW?VILL’J'iLLﬁ&

L2

L3 ::‘l 1 2/ [4 A I 2/ = |2 o 3
FoNwIsTideAen1sideu veia Arduino ansaaudeyadunnldidunaslvuuduieesuas

s &

Wasududygraeninney Weldounewes wie Wald LED anamsaimualiuesaiies

L7

viuedhilslagdagaddsludslulasaoulnsamssuuvesa lumsviduilnudeddniwinis
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o

Weulusunsu Arduino uegiu199s uag Arduino Software (IDE) Tua

s

UNTLUIUNITVINIU

dszanana

TugamaneUns1uan Arduino gnldiulassnisiuiu 91ndusiumil Tuauds

3

a4 o« a
LATEINBDNININGIAERNT

s oW

ndutou nquinan dnAnwl Wsunsuwes wazdidermey draliaiu

2/

' ¢ - v oA w v o s va |
auqu]mattwaﬁwaSﬁJaqu‘U@?ﬁu LLaﬂﬂLWSJ’UE};ﬁaﬂ’J’IEJEM’N‘]V}Lﬂuﬂixiﬁﬂjumam‘ﬁmuslﬁmua:ﬁ

U

=
WEIUEY

23

. 2 & o . . . < 2 A oAl o s
Arduino gNa3NNYUN Ivrea Interaction Design Institute lWuWLATBINENBEAINSU

8s
T

v A Y P i do - =i Y oA o
msafdunuiuuuInaGwasiethluminGeuibidfuglumudidnnseinduasnsifou

TUsunsu

t 2

= = i v X . =~ o o oY e Y
wiindeguruindunenidy vese Arduinodssudiudidifuanudeans
g uanueda 8 Unedidraludnsldnudmsuudvaiadu loT, gunsalawld, mafiud

WUy 3D LLﬁ%LL‘U‘UﬂQIME}‘UﬂSﬂE

vasa Arduino Meauuatlulammuae safiugusuuvi il ldannsoasnslfodng
daszuazusulmdinuaudean sz ewmuls sandurstidulamugasataginisiduls

28719UINANANTHAIUTIUY aadldvlan

fngUszaunsainIsltuRSsuheazanuIsantals Arduino 3eanuuldly

Y

o

TATINSLALLDNNA LATUNLANA A UNAENUSIBATT %“N'wsiaﬂ'ri’l,%’muﬁww%'uﬁﬁuﬁu Layeadl
= 1 S A ) Qs svg L8 & [ yq"’: a ele
AuEAnguTligmadMIUdliTuas Uasa Arduino a1ursaviulavissEuufURnas Mac,

Windows uax Linux fggastu agwazdniouldlunisairseiasdemainemanindunusi

'
-

Wisldlunsfiguindnmmaaiivagi@ndvioifie Susunsifeulusunsudmsusiueusd

flalasreulnsataosuazunanosilulasneulnsaaesdu o Ailegdmiunis

ATUIUNNIEAIN 18U Parallax Basic Stamp, BX-24 984 Netmedia, Phidgets, Handyboard

983 MIT uagdu q Snannursdediladdunisinuiingrondeiu tadeadienaunivanils

37‘&]7&18@8@?{3"&&I’]ﬂﬂl@ﬂlﬂiLLﬂﬁﬂJﬂ?UﬂulﬂﬂiT.W‘ULLaz’e]ﬂﬂLL‘UUIﬂuLLWﬂLﬂﬁlﬁﬁﬂﬁ@j'ﬁ’]d’]ﬂﬁiElﬂﬁl“fj}
gay ae o

17U Arduino gstaeanaiuggintumaiusindululasreulnsaes udfiifefidmiuag

o o o e o = - A a
uniseuin@nwnaztnivdiniaulalussuudu 9
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1 s . = 1 A o Y s el
° iﬁﬂW‘LQJLLWG - U95A Arduino 1]3'1ﬂ'ﬂ,llLL‘W\“IL&IE)L‘I/]EJ'Uﬂ‘ULL‘Wﬁmwaimlmiﬂiﬂ@UIWiaLa@'iau

i

e Cross-platform - TUsunsa  Arduino @1u1savineulavessuuuiifinig Mac,

o

Windows Wag Linux m"LuTmaauimaLaasmuiwmsﬂﬂ 319m 1A% Windows

U

! w =l

e ANATY LAY FALU - Arduino Software (IDE) Tdnudredwmiudiuduldau wasidl
anudangunadmiuglddugs
o FaNALISlNUTDIALALIUSINSUAIUE Y - waNAwIs Arduino amwmm%uﬂum%qﬁa
Towurasadmseudinveneiinduleslusunsuwosaiiussaunsal Awanunsaiiiy
YAF Ardarau Cir library L,LasﬁﬁﬁaqmiﬁwmmLﬁﬁ'ﬂﬁmaamﬁmmamﬂﬁﬂmmimﬁu
910 Arduino Wiunvwlusunsu AVRC Tuvussien funmaiunsoifialén AVR-C ag
Tulusinsy Arduino laleenssmnaeans
o FaAUISlaUYDIARAYEITANISEINVEIY = TATIAS19Y0IUDTA Arduino Lasunig
weung neldauEvEves Creative Commons fatutineanuuasfiiusyaun1saisa

annInaalugasuTsmuleEn gLy UTuU e

2.4.1.1.1 Arduino UNO Rev3

‘g‘dﬁl 2.7 vasnArduino Uno Rev3

UNO luveiafidfigadiniunisiiudunisldaudmivivsunsuuargunsal
o o

a g a & v & o o o o ¢ g4 o ¢ aa =
ALAaNNIvUNd ﬂ’!LUum'ﬁﬂLL‘iﬂaTWiUﬂmuu Uafn UNO ﬂﬂ@LUUU@iﬂWLﬂuW EliJ‘I/]E’j‘ﬂaLUGlib’Qﬂ

Arduino YNUNA
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. ¢ 5=l o aa I3
Arduino Uno \uveinlulasneulvsaiaasiild ATmega328p fidunn / lo1dinm

14 903 dn13deo USB uialy wazdudida uazyn

'
=

'
=

o

dafiduludiniu nasaduayu

lulaspeulnsaiass WswAdausaduraufinmasmeasaida USB wsaldezunlinas AC-to-

- dd & vau
DC v3oluamoIiiasuaultau

Arduino function

Atmega168 Pin Mapping

reset (PCINT14/RESET) PCB[]r ™" 28]J PC5 (ADCS/SCL/PCINT13)
digital pin 0 (RX) (PCINT16/RXD) PDOJ2 27]] PC4 (ADC4/SDA/PCINT 12)
digital pin 1 (TX) (PCINT17/TXD) PD1[]2 2607 PC3 (ADC3/PCINT 11)
digital pin 2 {PCINT1B/INTQ) PD2[J+ 2571 PC2 (ADC2/PCINT10)
digital pin 3 (PWM) (PCINT19/0C2B/NT1) PD3[]* 241 PC1 (ADC1/PCINTS)
digital pin 4 (PCINT20/XCK/T0) PD4 [Je 23[] PCO (ADCO/PCINTS)

vce veery? =l'] GND

GND GND[Je 2] AREF

crystal (PCINTE/XTAL1/TOSC1) PBS ] 201 AVCC

crystal (PCINTT/XTAL2/TOSC?Z) PB7 L]0 8|1 PB5 (SCK/PCINTS)

digital pin 5 (PWM) (PCINT21/0OCOB/T1) PDS[]1 18171 PB4 (MISO/PCINT4)

digital pin 6 (PWM) (PCINT22/OCOA/AINQ) PD6E]12 17|

digital pin 7 (PCINT23/AiN1) PD7 |18 18] PB2 (SS/IOC1B/PCINT2)
digital pin 8 (PCINTO/CLKO/ICP1) PBOL |14 157 PB1 (OC1A/PCINTT)

Digtal Pins 17,12 & 13 ane used by the ICSP haader lor MOS!
MISO, SCK.connections (Atmegalta pins 17, 18 819) Aveld low-
impedanceioads on thesa pins when uting the ICSP heade:

Arduino function

analog input 5
analog input 4
analog input 3
analog input 2
analog input 1
analog input 0

GND

analog reference

VvCC
digital pin 13
digital pin 12

[1 PB3 (MOSIIOC2A/PGINTS) digital pin 11{FWM)
digital pin 10 (PWM)

digital.pin 9 (PWM)

SUTl 2.8 ATmegal68/328-Arduino Pin Mapping
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AN9197 2.1 Specified 984 Arduino UNO Rev3

Operating Voltage 5V

Input Voltage (recommended) 7-12v

Input Voltage (limit) 6-20V

Digital 1/O Pins 14 (of which 6 provide PWM output)

PWM Digital I/O Pins 6

Analog Input Pins 6

DC Current per I/O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P) of which 0.5 KB used

by bootloader

SRAM 2 KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock Speed 16 MHz

LED BUILTIN 13

Length 68.6 mm

Width 53.4 mm

Weight 25¢

Arduino Uno @unsamalusinsuaie (Arduino Software (IDE)) 1dan "Arduino /

Genuino Uno 917y Tools> Board (mululasmaulvsaaesiietuuuesnuanm)

Arduino Uno # polyfuse wuusifndavisunidasnedn USB vainauiiamaivo
ANAINNTAAI9THALNTEUAlIAY BudreuRumesdiulvgaziinsdesiuneluresiaiesds
eiidniinisdesiuiiain winldwesn USB unnnin 500 mA fadagvinisdansiseuselay

BALUITRIUNINDZINISNDAUSDEAIDT

UasA Arduino Uno atursaldaulaniunisi@auns USB wiailunasstelu

Meusn unasdnglnazgnideninednlula
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IWnsuen (non- USB) 813113 naziauianas AC-to-DC (wall wart wart) #3e
wuaLmes axualnasanunsadaudsldlaaidoulan 2.1 vy, assnanadnfudendeulnvesuase

{
Qs

= 1 s . . &
AENIMNWUALRDIANTOUNTNALUEIUTIIBY GND wag Vin pin U19417%8 POWER

vasaausavinulatuuuasselvinisuandns 6 89 20 Taad winaeusiu
WU 7V 21 5V aaiinszwaliiindosnin 5 Thaduazvedaonalii@des  wanlduanndn

o ) w a o q v ¢ o w & = o s 5
12V fauauskssnueasousnniulusasiliuesadowe ddurefuuyide 7 8 12 Tiad
YasUpiniifsralul

e Vin  -usssulnsindafuuesa Arduino / Genuino wlaldundsdnalneuen (e
Wieuitu 5 Taadainmsibeuste USB yisundsdreldu q Adnmsniuaw) auaunsndie
usasulnir e mndnenssdul i e adeullsldinuant

e 5V -uniardsaldlinisasugu BV sanainfiruauuuUeie Yeinaunsadu
wtulianuanln DC (7. - 12v), deadau USB (5V) wieadn VIN vasuase (7-12V)
mMsdneusssuliihludsn 5v vse 3.3V azvigwiasinivauiarersvhlfuesavosnm
Aameld Felduusali

e 33 -uvdseli 3.3 Taadfafisiulassanuauuunse nssudgedeiindldde 50
mA

e GND - 21p§7UR

e IOREF - wfagjuuua%m Arduino / Genuino Tusssudaedeiililasaauinsaaasvineu
MsAMUAAIDE19gNFDY AN1T508IUUTIUTUT TOREF LasiEenunasdnelnivanyay

virolaldunssadasussiulniaiiendwalwirnuldny 5v wie 3.3v

3
|

ATmega328 fauin 32 Alalua-(Andiemiudn 0.5 Alalud) wenainildail
SRAM vum2ilaluduay EEPROM wuina 1 Alalud @eauisosunasi@oulden s EEPROM

library)

a¥ uwnudanainves ATmega328P ¥p91 Arduino Hedmsu Atmega8, 168

waz 328 avlynilousiu
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1ATVa1411udarduzannsagnldiiu Sunauieianing Tnelddds
pinMode(),digitalWrite(), wa digitalRead() functions Fswwaniiagyiauiiussdu 5 Thavi wae
YA FIAZAITASUNAZ BTIsEFUNTELE 20mA AuAILLE wazdifdununelunfiae
Liléso)fiaunsadanly fs 20-50k Toviy uaviuiiu 40mA [endnmassnnudenesa

lulasmaulnsaians
YaN9INT IV RATHATUNITVIULUULENIZe

e Serial: 0 (RX) uaz 1 (TX) Miile3u (TX) waga (TX) Foyaeynsuves TTL Sswumdriae
gnidausiafurniiaenadasiuaes 3U ATmegasU2 USB-to-TTL aynsu

e External Interrupts: 2 uay 3 viwdiaganusagnssalidnsydulidanoufiiavey
e AvauiiuSeanas wieRansiUas L Uaee

e PWM: 3,5, 6,9,10, uag 11 9¢lvir PWM towing 8 G0 sheds analogWrite()

e SPI: 10 (55), 11 (MOSI), 12 (MISO), 13 (SCK) awaniezdaslunsinsedu sl Ty
19 SPI library

o LED: 13 9+l LED Tushiiduindousaeuii 13 Lﬁamﬁﬁ'}qa LED 22\¥m wile SiAnen LED
Un

o TWL ¥1 Ad %38 SDA Lagan A5 viae SCL agdnglunisdnretiuu TWI Iagly Wire library

e Uno fdwesunden 6 91 Tnsde A0 dvAs dufirwaziBen 10 On (Wu Adiunnsieiu
1024 A7) Ingundwdraednnnaiaauis 5 V Sauazausanasuantiuuldlagly
%1 AREF Uagdndt analogReference() Iéfimnal Fafiv1duqaguuvesnsmee

e AREF ussius1edsdmiusudondunn a¢ldudds analogReference()

e Reset. Bring this line LOW- to reset the microcontroller ﬁﬂ%wlﬁmﬁuﬂﬁmmﬁa

Jaaiu N1sUANUYDIwNUUDSA
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2.4.2 fn5197ULEN (Light Dependent Resistors)
Photo resistors #3a7i3enfudn iwuiwesUiuAIAIuLEs (Licht Dependent

R S & < ) A ' = = v i
Resistors) ﬂ@QﬂﬂimmﬁmUﬂqimilﬂﬂULLﬁQLW@UQU@ﬂﬂQU?ﬁJWmﬂ'}'}MLGUNEUBQLLﬁQVlLﬂﬂ"UU Iuaﬂ']'ﬁg

[ a1 A =

PHAETNUUAIAMNATUNIUY DAY ULEDT 2 TAMAININ B19TAININEL 1 tunglavia Wil

U

3
[

Y o = o v & A 1l ¢ = '
m’lLWULm@%ﬂ'ﬁﬁwﬂUﬂULLa\'i'VILaﬂﬂﬂqﬂjqﬂmqquuﬁﬂgaﬂﬁﬁ aqﬂﬂgLﬁﬁaLwaﬁlﬂiﬂI@WN ‘?N"US"UU@%JJ U

s

ANAI UL LA TR SIALA nThUsUAsurasdtruwestarlilvlunuuidady wuwes

2/
=l

o | 2 1a = v oA o 0 v v | &
yiailgnlilusmaneqzuuuy uiusUseinaflifeufiegldsuliswnaniagildaing 1wu aeia

U

158 LAGLIEY INTIEANaRDRILIRAD

winmsinnuveLeuwes LDR agadequuusata nd1nde ielluasuinn
Asemuifuwes endusazannduy 5Lamcﬂ'iam?’imeauaﬂ%gﬂﬂszﬁuﬁwéuauﬁaﬁﬁ 54
nMsivziinty wdauanlineuldsesfaadaunnweivgtasinve e liannsaute
UGIRITPRTRL R E T eihe NadN3INASEUILNISTna aiTlRAaensEIERunTusly

A8 Jnanladdlanaennasenuiunduagyinlranmnudtun utegasluane

A151994 LDR duviatnvatasieunn dinnduiuu wandsudalnaisianly
v & [ ) Ado o ) o by achv ) - &
wnatinAasanuldnmungesiisainuas aunsadusau@ldnsaaduuas) wiansevislvinuy

wuuleansiaa ninauswiusInLaaiNanIsUs s Rdang ey

O

Ut 2.9 dnydnwaiues LR U1 2.10 Module %84 LDR
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2.4.3 IaloalUasuas (Light Emitting Diode: LED)

Ialanauas wse light-emitting diode (LED) tuundsiiinuassinansis
o o i o 1 P o A ' ) a =]
mhuuvdesuvas lnedlalepsiUdaasesnuidiognldeu Welnsinesziuussiulaiag
WHzan dvlannsauszausanduidiunndiiungudiaanseunigludeaunsalld uay
UanUasgnasnuesnuilugulnneu dasenusingnisallian Electroluminescence (EL) 34

s

wneiimsiiaguauasiunevaussdenseualuiniuluuvisauulwifigunse uaziuos

LLﬁ&ﬁL‘Ua'ﬂaamﬂﬁ)sg]ﬂﬁ’]‘ﬂumi(ﬂEl‘i5Uzﬁ’l\i‘lfa\ﬁ’jﬂﬂwﬁﬂﬂ’m(energy band gap) vaiun lagsialy
Waa LED ﬁﬂ%gﬂlﬁt’h%uﬁaﬂwaﬂamwm%ﬂ*ﬂﬂﬁm’%dﬂﬁmmmwaamlwsummﬁﬂ AI00199¢
gnitaududununnifiuvesauansiauuuu seven-segment wiuluwindinea dslduiu
uildfnsWmurilalondwastiinums fuan wiandouuaziioenisldeunds vilds
Ialoaawasiunumlundnisuaninanasiiguas wazdiosnsnialunisadindedwlu

Usrloviluwmaluladszaugadiuludnle wagdidensnuanenasrmwitaniivasnlusssun 1wy

u

=

= e o = & =i '
mslalwludSunadion anamsldaueiuiy Svuadnuaspnumuniuias Seanldluny wu

q U U

IndsdumemsTu Iuwieesenunmug Syaralnamas

2@ @

B @
L

gﬂﬁ 2.11 anwezueIna LED
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3.1 n1Fa9NLLUU NATATUAULLI fuUNTEILEdaY
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= 1
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- 80 Than luniseenwuutuareanwuulriiulaenisdnmnolsasinilisznitantonlaslsy
ar [7) = W oy & = = & = o & v o [
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Tun15AUUATEAULSIAUA BT UAUE NS UN 1TV TULUUS R L UL R E TUATTSUAIAIILLT LAY

meuantduaiguszsiu

yipwlasniiiduaiauny El aunn 76H duSunseuladauaaluasvisefiainud

50 \ewd Madln 50w wssdiuugugll 220 Thaduazussauvfioni 70-45-30-15-0 Tiadauaddiv
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FUWMULEUALT 70 45 Wae 30 aud ey Fumudladiusmianie LagisssueannazanTe
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TRANSFORMER
>_ Neutral
| A— P
Opsn: 220v | [_,*\. }\ A Y
Relay 1 (WL W
Y Y Y Y Y Y Y Y Y Y YY)
oV 45V 30V 1BV ov |
/J )
Relay 2 W Relay 4 \r’
.‘\‘ \\‘ ///
Ne | N\ Relay 3| \/
; t
~
d
no| OVERALL

JUN 3.1 jUAnvaEnITHDNIsIEnITmalalUa tap change MUduHLSadlne s

Line<) TRANSFORMER
| Neutral
dfld )l ¢ iR
open | 220v | /\  ATAZ N BT
\ J
Relay 1 '\\// \‘_’,’f k//l \\\/
MY YO Y Y Y YY)
70 V! 45\ 30V 15| ov|
Relay 2 ] Relay 4
AN l‘\
NC [ Relay [
; 3 [h
: !
NO (
LEVEL O

SUN 3.2 jUdnwen1sRaIasIEmInailiauUas tap change AUdurnuSiadfiseiulssiu 0
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Line

TRANSFORMER
1 Neutral
ODEI'I 220 V | j}‘ ‘!,.\ }. f. oV
Relay 1 N AR N IR
(Y Y Y YV YY)
70V 45V 30V 15V oV |
Relay 2 \j Relay 4 |
AN ’/’
NC
Relay 3 (
" 1
e
/ .
NO |
|
! LEVELS

JUR 3.3 gUanwien13AIRsTEnTIlanUal tap change AuflpiinusiadfissAunsasiu
15 Toad

Line TRANSFORMER
—\\\._,- Neuiral
Open 20V | .}ﬂ, ,}.‘ J v
Rlay 1 N NS B
(YD TYOYTYTY O Y NS T Y
70 vi 45V m 15V v,
2\ 4 )
Relay 2 \{/ Relay 4
| 4
g : |
NC Relay 3 [/ ‘
| ;
|
- et
b
NO LEVEL 2

JUN 3.4 3UdnYeN15A1995sEnInamiianUas tap change AuilatinnusiadfiseRunses
30 Thad
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Line TRANSFORMER
1 Neutral
Open 220 | },‘ }\. ,'E | ov
Relay 1 N / \\/ \\_7 /S ‘\\/
Y Y YT m(\f\ Y Y Y Y Y Y Y
70V 45V 30\1\ 15V oV
Relay 2 | Relay 4 [
\\\ k
NG \W Relay 3|
1
1 ]
| |
S-S
NO ( LEVEL 3

1

UM 3.5 sUanwaen30i9199seunmlanUa tap change AuiladinusiadissAunsediu

45 Tan
Line
TRANSFORMER
O3 Neutral
Open 220V | ) | A 0V
\ /: A \\ |
NN o ey
(\F{W‘f‘ PNY VN
70V 45vj 30V 15 V| oV |
. §
Relay 2 \l Relay 4 W
¥ |
NC \ Retay 3| |
! |
I { i
~»
NO | LEVEL 4

JUM 3.6 gUdnugn1IieRsIEnItenteuad tap change Auftadiuiadfiszaunseiuy

55 Than
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Cirgs TRANSFORMER

Neutral
pen 20V | ,ﬁ ) A | ov
A /

I\ ;; “" \.\ /
Relay 1 N A A

YYYYYYYYYYYYYYY)
T0V| 45V 30V 15V DVi

N
Relay 2 W Relay4| /

L |

¥
N\

&_\
NG \ Relay 3 \I

NO |/ LEVEL MAX

o

UM 3.7 sUADwe IR NassTIITImIiaulal tap change AuflasliniSiadisesiunsadiv

70 Thas

3.2 MsvanLUUYRAIEINIsiuTesildusanseulaviuTusUreslnadvsanisineu

F7

W15 anwUUNIseMaiLazinuase AUl sFuTag i asady Tudaly

'
o @ o

Aeasypmdslyifuueinvonashulasroulniataes Inofigamdsanunsavieddedsraiilas
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Wrunsdedygrdunalidvesalulasnoulvsaass ietnnsvinausanailulalunis

q

ARl luN 1S EneusIAY

gadafanandlddmivuiussiunssiuansisieaimivanuiuilds Taar
nszUIuNMssuBuwaluuuudng q wazihAdnanidignsruiunisussinanafiefivun
sULUUNSusNinmsaesEuunsinausnlugh %amwaﬁwwﬂugﬂumuéﬂuﬁﬁ uilunis
vhaulugluuueeimsasisasudeuly weadunmsinuiivannvaissautenistesfunisiia

Ugymdulloananmsadnessuunsynauiiianais
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2. MUUATMSUANEAINISINIUIALSUAIIN 1.AGUDSA 2.@dfiuseau 3. aiadan

SEAU 4. @IRTNUANNSYNIUDR LUATR

STEP 1 INPUT

\

Set variable

"

Set default

START AT LEVEL =10

\‘ |

Press swiich

L)

Switch Mode

STEP 1 :INPUT

automode has
been working
(i=5)

automode

Input=0-3

)

Keyboard Mode

gﬂﬁ 3.8 flowchart WaRIIIINISNNUARILUTLAEIDSUAIAIAIATNIDINADNNILADS
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3. winna 0-5 WgtumeiauiuiannfAdueselaeay 0-4 szluavszauvosssiu

LseRuArasAIfInaIftnannaazay 5 Wunsdlalnuausunsesusalul

Keyboard Mode

i=input

Try again
[ 5 ] [ 0 ]
STEP 2. OUTPUT automode STEP 1 Input

3UN 3.9 flowchart wamnisvinudlsderdnnonianes

4. gamsivanndindlesarldagauaindde
4.1 adndinsyiulasdonaaindsyduratusaduasiiutunilesy fuudaded
seiusanan ldasnanana wnseiuLs I UediTngaanIoseiud sedy
ussuaglsiiUAeuitag

4.2. @InTanseRulnuElanAEIAgTEAUTDILTIPUILANAINTNT A ULEId9ANTERU

wsenuarlddsuilas
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SWTCH MODE

1

Put switch 1 J,’ Level up Put switch 2 Level down Put switch 31

i=0
=i+

i=5

STEP 2: OUTPUT automode

5U# 3.10 flowchart kaanisyinauieaimdsainaing

o a

= as e 4 - L3 24 1 o o s
4.3.ﬂ?ﬁ‘ﬁﬁﬁﬂﬂﬂiﬁi%ﬂ‘uaﬂiuuMIG]EJLSJE]ﬂG]a’JWUf\]é‘iL‘tl’]'?i'Nﬂ’]ﬁﬂ’N'mLL“U‘U’E]G]I‘LJ%JW

wazna 1 lulvlatuuuIugly 3o auninesiAidagnaduduunui
$3an15M MUY UTUSRLLTR vieulageualauldananuLre s uLas
WIgUBuAIAINa121198 950 ula Amunaseauldldeailyenag

wamawa winAsERUnoundueginnuseaulud g uldivualidngg

4 & o« | < - A= o = )
maau‘uumaaﬂﬂ%mmqma&muﬂmaﬂLaﬂuaﬂﬂqazmﬂmﬂaauﬁamu
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80<d
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zlze

STEP 2 OUTPUT

U7 3.11 flowchart wansnisvinululuaesaludalaenisnseaeuaeundanty
nsideusedy

5. BNAITLERINE 9¥VTINISSUANSEAUIINTUADUMITLANETY LAIFIANSIAUINTIF

veseniglilufanniad aunlaseniuull Wisuansmamina anardainaulusu void
loop Tuil



STEP 2 : OUTPUT

Set OUTPUT and LED

Output 1 Output 2

STEP 1 : INPUT

[N

5UN 3.12 flowchart uaaenasvinnugasiuAtmdainlusunsuuagasdygimumuaila

Muualy
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4.1 ManadaunazAneUszansninasnszandaases (Intelligent Window)
iefnwinuantRveinisnsewauazamnufoureenszandaaiesdsndeya
wansnaanRvesnsyanduganluiided 2.2.1 Sudenldnszanvindurdauasuuudugania
ANIMUBINIEINAatateINARBNsEANT! 6-12-6 TAAIATUILIA 1x1 MTNLAT LazUTEnoy
faflduPOLCAURszandlutasemaiialilinadwsiiafiagn Jalnmsunasuanaudinislda

Tolwidatalud

4.1.1 NMsvAdauysLansnwiausaases
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Tutupeutl asilunisveasutiefnuingAnssumig g saudeUszdnsnmues
Wauseasgvednazdyn lavazidunisdtaliussiunszladauialsghums qiafnunis
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waAnssunislonasnulunaly 9o wu waesnuliiieze wassulidaaiou uay wdsu
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wsanuludin

ASLLAN

wsssiuluii matli | Adalndn | ddslaih | Power

fifwun | Adaldae | Teldede | Ainese | wdlouiite | Usingiide | factor
v) V) (A) (W) 93¢ (VAR) | 934 (VA) (P£2)
0 - = - - = s

5 5 = = = = -

10 - E X A . -
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12,0 - —

10.0 -

o
o

o
o

=
o

Iwihusing (vA)

AR
)
o

°

o
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masinwaiiau (Q: VAR)
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A1999 4.2 A15190URNNANISNSADENUYDILES 1 Tud 12 Suay 2561

ANAULUNLEITTALE (Llux)

afivi  nszanuuly
N13IAAN e fiseu | fisedu | fisesu | fsesu | Psedu | fisesu
UULaN
0 1 2 3 q 5

11.00 16441 3122.67 | 3972.33 | 4768.67 | 4884.67 | 4892.33 | 4925.00
11.30 17432 3229.67 | 3303.67 | 4975.33 | 5016.67 | 7006.00 | 7467.67
12.00 14225 3256.33 | 3224.67 | 4933.00 | 4966.33 | 4959.33 | 4969.33
12.30 12077 3239.00 | 4493.67 | 4893.00 | 4928.33 | 4933.00 | 4933.67
13.00 14255 3073.33 | 3081.00 | 4777.67 | 4861.33 | 4875.00 | 4874.00
13.30 9040 2008.00 | 2168.00 | 3154.33 | 3252.00 | 3254.00 | 3290.00
14.00 13163 2267.00 | 2785.33 | 3278.67 | 3341.33 | 3332.00 | 4412.67
14.30 10505 2274.67 | 2857.33 | 3330.33 | 3306.67 | 3332.67 | 4470.33
15.00 9213 tosieasy (2% 1.08456023 6 \1 3RS B bnbdntwa 209 .00 p 3300 .67
15.30 9162 1736.67 | 1830.33 | 2282.33 | 2512.33 | 2823.00 | 2956.00
16.00 9057 1568.00 | 1844.67 | 2173.67 | 2182.00 | 2191.67 | 2206.33
16.30 8043 1093.00 | 1352.33 | 1504.00 | 1516.33 | 1516.33 | 1519.33
17.00 V% 3} 1080.67 | 1174.67 | 1223.33 | 1267.00 | 1302.00 | 1324.33
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ANPNULTLLEINIALA (lux)

nmﬁﬁmﬁ a nszanuuluy
i B NITAN 7o e R (= TR (= ST T =
ANAT nignu NIENU | NIEAYU | NIEAU | NITRU | NIgAU
UrduUan
0 if 2 5 1 5
11.00 100 18.99 2416 | 29.00 | 29.71 | 29.76 | 29.96
11.30 100 18.53 18:95-=28.50..28.78 | 40.19 | 42.84
12.00 100 22.89 22.67 | 34.68 | 3491 | 3486 | 34.93
1230 100 26.82 37.21 40.52 | 40.81 | 40.85 | 40.85
13.00 100 21.56 3561 3352 | 34.10 | 34.20 | 34.19
13.30 100 ¥7 .23 23 9% \ 3580 Y. 3588 ] 36.00 | \36.39
14.00 100 N2 2116 | 2491 RI:301 4. (25.31 .52
14.30 100 2l 06 Zi1 2000 38 4 A/ Bsles Y1.78— RA55
15.00 100 24.52 26 O\ | (555245 16130067 b 5884
15.30 100 18.96 19.98" 12491 2742 |.30.81 32.26
16.00 100 17%1 2037 | 2400 | 24.09 | 2420 | 24.36
16.30 100 1389 16.81 18.70 18.85 18.85 18.89
17.00 100 14.94 16.24 16.91 17.51 18.00 18.30

39



ANSNN 4.4 A1FUUANKANNSNNTADINIUVDILAS  YUF 15 Turau 2561

| 17 - o 2
ANPILTURAIRTALS (Lux)

L’Ja’l‘ﬁ'ﬁ’] ) ﬂﬁgﬂﬂﬂq“lﬂu
o o | NN g Z = T = g I o
N139IAAN VAFEA20Y IEnU nIEaOU nagnuy NiEAU NILAY
Unuuan
0 1 2 3 4 5

11.00 9465 2267.00 | 2584.67 | 2942.33 | 3041.00 | 3276.33 | 3780.67
11.30 11138 2301.00 | 2928.67 | 3057.00 | 3102.67 | 3318.67 | 4049.67
12.00 9888 200067 | 2934.67 | 3100.33 | 36833 3431.67 | 2971.67
12.30 9572 2798.33 | 4102.00 | 432233 | 4275.00 | 4191.33 | 4136.67
13.00 10762 | 2335.67 | 3193.67 | 2994.67 | 3079.00-{-2784.67 | 3250.00
13.30 8399 2407.33 | 3391.00 | 3520.33 | 3478.33 | 3497.67 | 3472.33
14.00 10342 | 2111.67 | 2818.00 | 2732.67 | 2907.00 | 2866.00 | 2910.00
14.30 7850 1854.00 | 2455.00 | 2580.67 | 2593.67 | 2602.00 | 2606.00
15.00 7129 1728.67 | 2401.00 | 2522.33 | 2544.00 | 2555.33 | 2569.33
15.30 6786 1044.67 | 1411.33 | 1503.33 | 1641.67 | 2215.67 | 2312.00
16.00 5908 {1335.33 | 1832.3311916.00 | 1929.3311921.33 | 1925.00
16.30 4975 110433 | 1573.33 | 1671.00 | 1672.00 | 1674.67 | 1682.00
17.00 3585 1127.00 (113567 | 1131.00. (-740.33 | 732.67/|/723.33
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1 % S vy
ﬂqﬂ?WNLTNLLﬁﬂmgﬂlﬂ (lux)

L?ﬁqﬁﬁqﬂ'ﬁ U ﬂ‘isﬁm‘m‘lﬂ,u
5 3 W gy e T T8 e A e T
ARAN NIEAYU | MITAU | NIEAU | NIEAY | NIEAU | NIERU
VrUUan

0 1 2 2 4 5
11.00 100 2395 2L 31.09 32.13 34.62 39.94
11.30 100 20.66 26 .29 27.45 27.86 29.80 36.36
12.00 100 20.43 29.68 31,93 37.06 34.71 30.05
12.30 100 2923 42.85 4516 44.66 43.79 43.22
13.00 100 21.70 29.68 27.83 28.61 2 &7 30.20
13.30 100 28.66 40.37 41.91 41.41 41.64 41.34
14.00 100 20.42 27.25 26.42 28.11 2l (1 28.14
14.30 100 23 6R ol Af 32.87 33.04 33.15 33.20
15.00 100 24.25 33.68 35.38 35.69 35.84 36.04
15.30 100 15439 20.80 22.15 24.19 32.65 34.07
16.00 100 22.60 31.01 3243 32.66 32.52 32.58
16.30 100 22.20 31.62 33.59 33.61 33.66 33.81
17.00 100 31.44 31.68 35 20.65 20.44 20.18
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AP UWEIAYALE (lux)

Vandivi  nszanuuly
R Robi e e o e e i T (D (I T [
nTinm e N5z | Nszdu | Nszeu | Nszeu | NiswRu | Aiszeu
0 1 2 3 a4 5

11.00 9684 2344.00 | 3282.67 | 3501.33 | 3548.33 | 3413.67 | 3479.00
11.30 9470 2306.00 | 3241.33 | 3384.67 | 3347.67 | 3364.67 | 3377.33
12.00 10382 | 2209.67 | 3241.67 | 3427.00 | 3496.33 | 3511.00 | 3504.00
12.30 8026 1981.00 | 2803.67 | 2917.33 | 2944.00 | 2954.33 | 2980.67
13.00 8594 2016.33 | 2855.00 2874.33 2778.33 | 2858.00 | 2890.00
13,30 1827 2030.67 | 2800.33 | 2924.33 | 2920.00 | 2921.67 | 2929.00
14.00 9549 1527.33 | 2061.67 | 3165.67 | 3081.00 | 3108.33 | 2716.00
14.30 8571 2072.67 | 1831.33 | 1914.33 | 2330.00 | 3099.33 | 3084.00
15.00 6997 1783.33 | 2405.33 | 2530.67 | 2543.67 | 2580.00 | 2592.67
15.30 5842 1536.67 | 2120.00 | 2210.00 | 2223.33 | 2221.67 | 2234.33
16.00 5445 1096.33 | 1709.00 | 205233 | 2118.00 | 2108.33 | 2085.67
16.30 4985 1206.33 1696.00 1793.00 | 1778.00 | 1755.00 | 1712.00
17.00 3450 912.67 [1235.00 |-1272.33 | 1288.33 | 1288.33 | 1287.33
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L. APl iale (ux)
na’wlm fu al nazanuuly
aIn e g e a I =
, nszan | Nsedy | Nisedu | Nszeu | Aisedu | Nszeu | isdiu
" unmen | o 1 2 3 4 5
11.00 100 2420 | 3390 36.16 36.64 35.25 35.93
11.30 100 24.35 34.23 e S0 6 35.5% 35.66
12.00 100 2V 28 3122 33.01 33.68 33.82 33.05
12.30 100 24.68 34.93 36.35 36.68 36.81 37.14
13.00 100 2346 | 3322 33.45 32.33 33.26 33.63
13.30 100 25.94 35.78 37.36 G5 37.33 342
14.00 100 82”1 o8 395 2 2 B33 28.44
14.30 100 2018 21.37 22.34 27.18 36.16 35.98
15.00 100 25.49 34.38 36.17 36.35 36.87 37.05
15,30 100 26.30 36.29 S8 38.06 38.03 20.45
16.00 100 20.13 31.39 37.69 38.90 38.72 38.30
16.30 100 24.20 34.02 35 9% 35.67 35.21 34.34
17.00 100 26.45 35.80 36.88 37.534 37.34 .31
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MsfnwIn1siniiukasdiituresgumgivensyansiaiey laefivhnisinage

HauPDLClINnszanduuen lngagvimsingungivisiululasduuenudaiunssuiiioy

v =

gaunpilneuenuargamiineluntunsifduPDLC TafAsnanmn 30 uilkazduiuiinug

1 ° -=T Q.I) ' = o A T = m!
yauAueds Aalaan 11.30 W. 84 17.00 w. Tuiuf 10 weu wwiey U w.aA.2561 Tswa

o = o &
AMFUUNANANAIU

M5NN 4.8 MTNTURNNANIINTTANILYRIRUMAT 04 Fufl 10 Lwew 2561

wanlums | gamgineuennszan (°) | gaumgilanelunsgan (%) \ R
Guiinwa | 1st | 2nd-| 3rd | anads | 1st | 2nd | 3d | dwade A | Rk
11:30 AM | 34.7 | 344 |=5dsis] NS00V |VESEY| S le |82 fonlw=E2 8T 1.57
12:00 PM | 415 [ 41.7 | 41.6 | 41.60 | 39.4139.9| 398 39.70 1.90
12:30 PM | 42,5 [ 43.4 | 43,7 | 43.20 LA (T35 (TN 1.63
1:00 PM | d6.4 | 46.3 | 46 46.23 | 428|438 | 428 | 43.13 210
1:30 PM | 52.4 1'52.1 | 51.9 | 5213 | 46.5 | 46.4 | 48.3 | 47.07 5.07
2:00 PM | 583 [ 55.9 | 56.4 | 56.87 |49.6 | 50.6|51.8| 50.67 6.20
230 PM | 61 [61.2|61.4 | 61.20 Sy alf3el 5 14538 | 53.10 8.10
3:00 PM | 63.2 | 63.9 | 64.5 | -63.87 55 L56.5 |56 a 56 0 7.77
3:30 PM | 62.7 | 63.9 | 64 83,53 | B5.6 [ 56.7 |T 0el” 56.57 6.97
4:00 PM | 63.5 | 64.9 | 64.7 | 6437 | 56,5 |57.7|57.6 | 57.27 7.10
430 PM | 47.8 | 48.1 | 48.2 | 48.03 |446 | 44 |447 | 4443 3.60
500PM | 452 | 455|443 | 4500 [428|431|426 | 42.83 ZTT
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AR Ananiduuasisaldasa(lux) Areuideniinle
wandianla | Sands | Sande | Yans | duade | Seese | Senss | dees | Auade
(lux) A1 | d2 | i3 i1 | #iz | @3
0 - - - 0.00 960 991 984 978.33
200 202 201 203 202.00 114 116 117 115.67
400 404 406 417 409.00 | 89 90 81 86.67
600 602 606 610 606.00 | 74 76 74 74.67
800 802 804 804 803.33 |65 66 60 63.67
1000 1014 1007 1004 1008.33 | 58 59 60 59.00
1500 1508 1508 1507 1507.67 | 47 | 49 51 49.00
2000 2006 2018 2032 2018.67 | 42 43 a5 43,33
2500 2520 | 2521 2513 2518.00 | 38 38 40 38.67
3000 3003 2020 3022 BOL5-00\1(35 () 37 35.67
4000 4078 | 4015 4011 4034.67 | 31 5% 33 31.67
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TIF 5

Intelligent Film
WaudvaSg:

WioUa s Ooduwa

o TIF APPLICATION
» Projcts Reference
¢ TIF Advantages

e Contact US

PP&P International Marketing(2011) Co., Lid.
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ntroduction

waudbasanaswnonusandn Idoehoacd Wesdaeloduwa Waudhase: Wdaunsonia
naaiDunsonfiu Wunowilugdoudd Nuschonion iaansnidu Projector Screen Tusuiuu
Anrudoomsdos WeLGhoSe: Sododw aoon aosow 1Bonse omskSouunu rmiATunned
Anrudooms awnsniviunow Dudoudbldoehodisme aodoriunndona: coulonduoomsiiu
O8uooos wu rhilAroogndwiu uonewni Weudodosaanoudou nasiu UV 1dit 07%
Sodoasingawdoou

Thal Intelligent Film on glass that makes different, Only one fingertip, we can tum tinted
giass to clear glasses. This gives you pavacy in one second.

Thai Intelligent Film Principle

TIF i(DuWdustowau Jdnelurioosaxa Odnunu: PET Film
Aiun ussneuludoarscuoninaonsadariiSsodd MO Layer
nuunsed Tustsuuricenid

Polymer
Thai Intelligent Film (TIF) is a light modulating

Liquid Crystal

material comprised of droplets of kquid crystal 0
uniformly dispersed in a transparency or translucency. flexible plastic film.
Page 1
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Thai Intelligent Film Principle

ITO conductive film ITO conductive fim

sy Oft Ta peymer |

liguid crystal Bguid crystal ;

TIF rimwioelBndnmsnsmadovovnacuevinaonsada Tushunsfidorulceiwsiuos loed
wuwauusnuog 2 Gu unefliuomsudeansalwvhihiv Daadas) vooraonsadaiseado
fuogns:dansoe il deame: fu kewoeritmsusoansmalwwiihiu (Ucadoy) vevman
nSadavanamsiSacdoriuilunnunu Muiuonssalwh dildiavwhdidincamalatu

Thai Intelligent Film operate on the principhes of electrically controfled light scattering.
They consist of liquid crystal droplets surrounded by polymer mixture sandwiched
betwaen two pieces of canducting fiim. When no alectricity is applied, the liquid
crystal droplets are randomily oriented, creating and opaque siate. When electricity is
applied, the liguid crystals afine paralle! to the electric field and light passes through,
creating B transparent state,

Self-Adhesive TIF Film

TIF awnsndoriunsonidiag lasssmmiKiDu
AYNNIMA Sododie &N sonSo nuadym
iBoofiud Gandu ronu riknsonlanto
iDoadm 1 nsonfiuiloDoadas

Self-adhesive PDLC Film can be pasted to the glass diectly, transparent when power on,
frosted when power off, meet both requirements of glass penetration and privacy.
Even without electricity, glass in the frosted state, lighting is perfectly worked,

Page 2
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Luxury Villa, Phuket
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H

Projector SCREEN, BMW Osaka, Japan

Page 4
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IF Advantages

1. High electric voltage resistance

nowdhumuns:ialwvihao
Our Thai Inteligent Fiim is featurad with good elscric votage resistance. &t can endurs instant high voltage

as high as more than 3 times of rated votage. Companed with other brand smart film, Thai intelligent Film
has better service life when there is high voltage caused by slecinc supply problems.

2. High weather resistance & No shrinkage

Uaowdumuownadhday se: TusHsu

Smart film damage mainly usually come from 3 issues, lempersiure difference, corrosion and aging. Ouwr
Thai inlefigent Film is with high weather resistances. if has passes strict weather resistance inspection,
and its parformance is much betier than standard requremants. Strinkege is the bigpest hidden problem
of smart films, Shnatken smart fim will loge part of its functional aea. And its appearance will be rather
ugly. Our Thia Intelligert Film will pever shirinikd Linder no cond®ions wil Shrnkage happen to oue Super
POLC film if you usa it according fo our etryction.

3. Waterproof
fiuth '

Perfect waterproof pariermance is another stunning feaiura of Thai Inteliigent Film. \When smart film ig
used for shower ericiosure, fis sarvice e and pesformantes cannol Be ensured without good waterproof
guality. Thai Inteligent Film €an work Well ever after sodking in water for several months or using in
batlroom where thers is high hurddty all yesr fong.

4. High clearance

Us:ansmwlumsuooifiu

Our Thai Intelligent Film & clear and with low haze. It clearance will not be affected because of its
size. As for the poor guality film, when size 8 bigger than 1 or 1.5 8q.m., haze increnses, transmission
view angle of bad quafiy film bedomes namow. and the view of the whale glass s poor. There is big
differance between project effect and sample effect. Our Thal Intelligent Fllm widl never have this
problem

5. High Protection
UooriuWauhsga (optional)

This s our option to those who has kids in their area of PDLC used. Qur Thai Intelligent Film is
protected by another thin giass. i wil be sandwiched and protected from any accidemally incidents,

Page 5
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Applications

e Residential (iWnowie)
Windows, screens, doors, roof-iights, slidingfolding doors, sun rooms, bathroom/shower
enclosures, hurricane resistant windows ...

* Commercial (1IBowniug)

Windows, rooflights, sliding/folding doors, sun rooms, cosmetic/specialty counters/shops/
Bouquets, conference room, office & boardroom partition screen, electronic clocks/
scoreboard/ advertising displays ...

o Hospitality (Isowenuna)
Hotel room privacy screen, bathroom & bedroom privacy protection, extermnal windows,
doars, conference center windows & roof~Bghts, bar & restaurant screan, balconies..

e Vehicles, Trains, Buses, Planes, Limos (enUwfiL:)
Driver privacy protection, security streens ..

e Retail & Showroom ($wlsdvoo anudo)
Vanity screens, featura screans, projection windows ..

e Projection (IUsronicodansu)
Intarnal high resolution rear projection screens .

e Security (AuEShunALUaDaNH)
Entrance foyer, teler & cash counting screens ..

¢ Industrial (QoaNssLU)
Roof-lights. doors, machinery acreening...

e Healthcare (@muiasugumw)
Roof-lights, doors, machinary screening...

e Education (amufinwn)
Digital writing board

Page 6
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Specifications of Thai Intelligent Film

Itemn

specification

Optical
Charactenistics

Parallel Light Transmizsion

T8%

1%

Visible Light Transmission

75%

6654

Viewing angle of scraan

75%

L Blecking

66%

Bl=cirical

Characterigtic

Dperating Voltage

B0VIAC S0/60HZ)

Threshold Vaoltage

F2VIAC)

Tr.2ms

Response Tems

Td A0ms

Power consumgtsan

<5 m®

Electrical Operating

Transparant

Transparant

Thickness of STF

0,85L0,05m1m

Max sze

3000*1800mm

Working Temperature

-30 °C ta B8O °C

Storage Temperature

-30 °C to 70.°C

Laminsting Temperature

=120 °C less
than 2 hours

Life tirne

ERIASTSIRIS W -/ f 5T, YRR
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inta=0;
intb=0
intc=20;
intd=0;
it [ =4 ;
intj=0:
intk=0;

int IN1 = A2;
int IN2 = A3;
int IN2 = Ad;
int IN2 = A5;

int LED1 = 4;
int LED2 = 5;
int LED3 = 6;
int LED4 = T;
int LEDS = 8;
int LED6 = 9;

int ANLI= 1;
int ANLO= AQ;

int SW1 = 12;
int SW2 = 11;
int SW3 = 10;



void setup () {
Serial.begin(9600);

pinMode(IN1,OUTPUT);
pinMode(IN2,0UTPUT);
pinMode(IN3,0UTPUT)

pinMode(IN4,QUTPUT);

bl

pinMode(LED1,O0UTPUT);
pinMode(LED2,0UTPUT);
pinMode(LED3,0UTPUT);
pinMode(LED4,0UTPUT);
pinMode(LED5,0UTPUT);
pinMode(LEDS,OUTPUT);

pinMode(ANLI,INPUT);
pinMode(ANLO,OUTPUT);

pinMode(SW1,INPUT _PULLUP);
pinMode(SW2,INPUT PULLUP);
pinMode(SW3,INPUT PULLUP);
pinMode(PWM6, OUTPUT);

digitalWrite(IN1,LOW);
digitalWrite(IN2,LOW);
digitalWrite(IN3,LOW);
digitalWrite(IN4,LOW);
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digitalWrite(LED1,LOW);
digitalWrite(LED2,LOW);
digitalWrite(LED3,LOW);
digitalWrite(LED4,LOW);
digitalWrite(LED5,LOW);
digitalWrite(LED6,HIGH);

digitalWrite(ANLO,HIGH);

Serial.print("START AT LEVEL ="),Serial.println(i),
delay(50); }

void loop() {
stepl:

if(Serial.available())

{

i = Serial.read() ;

i =i-48§;

if(i>=08&i<=4)j = i; digitalWrite(LED5,LOW); goto step2;}
else if(i == 5){ goto automode;}

else{ Serial.println("Try Again");}

}

a = digitalRead(SW1);

ifta == O) j = j+1 ; if(j>4)j=4;}

dof a = digitalRead(SW1),delay(2000);while(a==0);
i = 0; goto step2;}
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b = digitalRead(SW2);

iflo == 0} j = j-1 ; if(j<0)}j=0;}

dof b = digitalRead(SW2),delay(2000);}while(b==0);
i = 0; goto step2;}

c = digitalRead(SW3);

c==0{i=5:

dof ¢ = digitalRead(SW3),delay(2000);}while(c==0);}
ifi == 5){goto automode;}

delay(25);

digitalWrite(LED5,LOW),

goto stepl;

automode :
digitalWrite(LED5,HIGH);
d = analogRead(ANLI);
Serial.print("LIGHT ANALOG = ");Serial.printin(d);
ifl d <= 29)
[ if(j==18&&d> 27) = 1}
else{j=0; 1}
else ifl d>29 && d<=34)
{ if(j == 0 && d<=31){j = 03}
else if( j == 2 && d> 32 =2}
else {j = L;}}
else if( d>34 && d<=44)
{ if(j==18&& d<=36)] = 1}
else if( j == 3 && d> 42){j = 3;}
else {j = 2;1}
else ifl d>44 && d<=60)
{ iflj==28&&d<=46){j = 2;}
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else if( j == 4 && d> 58)fj = 4;}
else {j = 3;

else
§ iff.j==3881de=620)= 3}
else {j = 4;3}

if( j == k )goto stepl;}
goto stepZ;

stepZ:

k=j;

switch(j)

{

case 0O:
digitalWrite(IN1,HIGH);
digitalWrite(IN2,HIGH);
digitalWrite(IN3,HIGH);
digitalWrite(IN4,HIGH);
digitalWrite(LED1,LOW);
digitalWrite(LED2,LOW);
digitalWrite(LED3,LOW);
digitalWrite(LED4,LOW);
break;
case 1:

digitalWrite(IN1,LOW);
//digitalWrite(IN2,HIGH),
digitalWrite(IN3,LOW);
digitalWrite(IN4,HIGH);
digitalWrite(LED1,HIGH);
digitalWrite(LED2,LOW);
digitalWrite(LED3,LOW);



break;

74
digitalWrite(LED4,LOW);
i
case 2

digitalWrite(IN1,LOW),
// digitalWrite(IN2,HIGH);

digitalWrite(IN3,LOW);

digitalWrite(IN4,LOW);

digitalWrite(LED1,HIGH);

digitalWrite(LED2,HIGH);

digitalWrite(LED3,LOW);

digitalWrite(LED4,LOW);

break;

case 3:
digitalWrite(IN1,LOW);

digitalWrite(IN2,LOW);
digitalWrite(IN3,HIGH);
digitalWrite(IN4,LOW);
digitalWrite(LED1,HIGH);
digitalWrite(LED2,HIGH);
digitalWrite(LED3,HIGH);
digitalWrite(LED4,LOW);
break;

case 4:
digitalWrite(IN1,LOW);
digitalWrite(IN2,HIGH);
digitalWrite(IN3,HIGH);
digitalWrite(INd,HIGH);



5

digitalWrite(LED1,HIGH);

digitalWrite(LED2,HIGH);
digitalWrite(LED3,HIGH);
digitalWrite(LED4,HIGH);
break;
}
Serial.print("LEVEL = ");Serial.printtn(});
delay(20);
}
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anunsadinAmnasuaNuieuiananaeuengneluiuiiving 1 gnuiafiuns

s Q=
Ly -

Q = wawuauseuntesiu (watt)

Kg = ANANUSLENSNUIANUIIUTDINTLIN

K, - mduUszansnisihanuiauaaansean

A = Wudnldlunisveaag

Ly = vwnennumunvesnsyan

Lg = vwemnunstesoime

T, - gamgdmeusnituiina 1 gnuierims(T)
T, = samgiinrslufudivunn 1 gnuredims(r)

Kg*A(T,—T;) + Kq*A(T,—Ty) a Kg*A(T2—T1)

Lg

1.05

0.2062

0.006

0.012

m

m
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Time T2-T1 (°Q) Q (watt)
11:30 AM 1.57 551.03
12:00 PM 1.90 668.26
12:30 PM 1.63 574.47
1:00 PM 3.10 1090.33
1:30 PM 5.07 1782.04
2:00 PM 6.20 2180.65
2:30 PM 8.10 2848.92
3:00 PM 7.7 2731.68
3:30 PM 6.97 2450.30
4:00 PM 7.10 2497.20
4:30 PM 3.60 1266.19
5:00 PM T3, 762.06

Qlaverage) 1616.93
T2-T1 (average) 4.60

2zl

Q qur= 161619 watt uas

T2-T1 (°C) (average) = 4.60 °C
Ansnvarnsldnunszandiaseswiniu 12 daluadoy

AL Qavg+3600+12 M

NSRRI URAay Tua1InsamulaINgnS
u 1000000

Q gur= WauANTauRBeNTeINY (watt)

E = #aauAusauagnvaanuneiuiMl)

v
o =

anunsoumawasuntdaaiulaaatl

_ 1616.93 * 3600 * 12
B 1000000

E =69.851261 M]
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AvualildiadoaUSuenniavunn 10000 BTU wiseAady 3 kw Idauiuay 12471

mAsEansnmeseslugauaf(CoPlnumwuniiaumainelurewiiiu 25 °C

1
COP‘—“W

(273+25) 1

Larid1A1 COP sananuivisgdigsalnay

CC+12+0.8+30
nans Cost = e
= COP

CC farnnugaugAIil(cooling capacity) wag falvliviady 3.9 Unseyie

IeWieUTEnIet e uniNgINgnve i 17 wWeigy 2561 11 36 °C

=

wazgauuiinanandisiaamgingmanvesiun 17 wwen 2561 136,00 “C a1 4.60 °C

(AAKUIN AY) WaB 31.40 °C

azlarAn CO P Tuvasenmaseunsga iy

1

(273 + 36.00)
@B ¥25)

COPhottest = 27.09

COPyoitest =

N

11A1 COP fanamuvnsiednesatfouls

3x12*0.8*30
27.90

Costpottest = 124.38 baht

CoStpottest =
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wazazlaen COP luriseinadeungaiiiunisnsasainnszandaaiey Wiy

L

(273 + 31.40)
(273 + 25)

COP,pquce = 46.5423

COPrequce =

-1

A7 COP flananumsieesanaule
0. 5 81 2e0.5. % B0
PR [ TG 38
CoSDedll- Y 2 AT hant
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PDLC film’s energy consumption and performance
for light filtration system

Wiwat Keyoonwong. Werachet Khan-ngern
Pantpong Tavicharyuth, Viritpol Ruxsn and Vishnu Raksasataya
Faculty of Engineering. King Mongkut’s Institute of Technology Ladkrabang
1 Soi Chalongkrung 1. Ladkrabang, Bangkok 10520, Thailand, Office: +66 2329 8000 ext 3515, 3939
Email: wiwat ke knutl ac th

Abstract - This paper proposes to record the result of energy
consumption and light transmission rate whenusing PDLC
film with green insulated glass, at size 1x1 sq.m. with 6-12-6 mm.
standard thickness. The result of energy comsumption and
perfermance in protecting from the sun light are explained. The
PDLC energy consumption characteristic and its principle are
described. The methodology to test the performance of PDLC
film with green insulated glass also incuded.

The result indicated that different voltage source level
will also be able to affect the light transmission rate. From
experiment found that at level 0 volt had a lght transmission
vate at 22.3 percent, level 15 volts at 28.8 percent. level 30 volts
at 32.0 percent, level 45 volts at 33.2 percent, level 55 volts at
33.4 percent and level 70 at 34.0 percent, respectively. All of
these values were compared with direct light intensity from
outside. In the future, it can be used in purpose for energy saving
inside building.

Index Terms- PDLC film, Green insulated glass, Energy
consumption, performance.

I. INTRODUCTION

In the present. buildings face with losing of energy
for adjusting temperature and light infensity fo be suitable
inside building. And the most of heat and light are ffom
outside through the window glass. that makes the glass
window play a big role in energy consumption inside
building. For example. while receiving heat from the sun. it
is needed to make inside building cooler. and when there is
enough light intensity from outside. so it does not need to use
the light source inside building and these will reduce the cost
from adjusting light source and temperature inside building.

Currently, there are products called Intelligent film
And these products are made from electrolyte cells that have
the outstanding properties with abilities to change the amount
of transmission light by controlling the voltage level for
reducing the heat and make use from the light in daylight.

So, this paper aims to study about PDLC film energy
consumption and light transmission rate for each of voltage

level applied to be use in deciding for selecting the alternative
way to save cost from using Infelligent film

II. 'PRINCIPLE OF PDLC FILM

A Machinsm of PDLC film

PDLC film is from Polymer Dispersed Liquid
Crystals, mechanism - of switching in PDLC film is
arrangement of liquid crystal molecules. Swiich between
electrodes through electric field. And electric field property
will be depended on applied voltage source level

PDLC film will consist of 2 lavers of glass that
coated with Inferlayer film inside followed by liquid crystal
in form of thin film and coated by electric conductor. In the
middle layer will contain liquid crystal layer that is for
protecting from sunlight and has a voltage source for
confrolling transmission of light.

Controlling the sunlight infensity or amount of light
that pass through inside building cannot be done but it can
use to control film to be translucent or opaque state. When
apply voltage from source to PDLC film liquid crystal
molecules will arrange in straight form and make sunlight be
able to pass. But when stop applying voltage from source will
cause the sunlight be unable to pass or just a little bit of it.
And the translucent level will depend on the amount of liquid

crystal.

In normal state PDLC film will be in opaque or
white state because the amrangemeni of hquid crystal
molecule is scatter randomly but when voltages are applied
to these molecules, liquid crystal will be amranged orderly.

III. ENERGY CONSUMPTION AND PERFORMANCE
TEST PROCEDURE

A. Energy consumption test

In this test, by applying different voltage levels from
range 0 to 80 volts to film will cause various results of
energy consumption and measure the appearance power,



real power and reactive power with power meter to find
the power factor from this result. and this test is proved at 120

the temperature room. approximately 27.0 Celsius. =
= 100 >
B. Light transmission rate test ?: /
The light transmission rate test will be done by % s /
assembling Intelligent film that include green insulated )
glass with dense box. then measure the normial light from 2 /
outside and also measure the light inside box with each Z 40
level of translucent in each voltage level by dividing § 50
voltage level into 6 levels, level 0 1s af 0 volts, level 1 is < &
at 15 volts, level 2 is at 30 volis, level 3 is at 45 volts, 0.0 ¢t-o : :
level 4 is at 55 volts and level 5 is at 70 volts. Then 0 50 100
measure the light value in lux’s unit every 30 minutes Voltage(V)
startat 11.30 am to 17.00 p.m (GMT+T7) on 12_ 15 and
17 March 2018 at corridor, ECC building 37 floor, Fig 1 Appearance power film for each voltage level
KMITL, Ladkrabang, Bangkok, Thailand.
35
IV. ENERGY CONSUMPTION AND PERFORMANCE 30 4
TEST RESULTS X /
A Energy consumption result % 0 / B
The energy consumption result will be shown in = YA /
table.1, and from the resulf table, it can be shown in 213 ol
appearance power, real power. reactive power, current 3 1.0
and power factor as following Fig1. 23. 4 and 5 R AV X111
accordingly. In axis Y will show the energy usage and !ﬁ
axis X show the applied voltage. 0.0 4 » <= |
0 50 100
Table.1 Energy consumption for each voltage level Voltage (V)

Y Fig.2 Real power film for each voliage level
Voltage | V(V) | I{A) | PGW) | QOVAR) | SCVA) | PE

0 = = AN # « 4 0.0 . ——
p — ¢ X \ Moo, 40 60 80 100
10 . ) ; 3 a 2 3 20 \

15 | 157 |oo23 | o1 | 03| 040250 N

20 | 204 0031|022 06 [06.]0333 z \

35 [ 252 [o038| 03 | 09 | 10 {300 S 60

30 | 300 |oss|os | 13 | 14 |03 E \

35 | 348 o053 06 | 17 | 18 |0333 x -80

40 [ 405 |oo062]| 08 | 24 | 25 0320 \

45 | 348 ooeo | 10 | 29 | 31 o -10.0

Voltage (V)

= = AL LA L 2 LB Fig 3 Reactive power film for each voltage level

35 554 (0085 | 15 44 47 | 0319

60 | 603 |0093| 18 | 53 | 56 |03 . T‘t‘e %‘:Ph f&‘t‘;“s ";“ﬂ}f;g-l -i;ﬂd 23 i exI_"";fDﬂ‘I‘;aé
according to the on 5= [*-Z, while Z value is

R L R S R impedanfe Ares el ey

70 | 694 |0107] 24 | -71 75 0330 Fig_ 4 at linear form as equation ¥=I-Z, when V is also linear

75 753 (10116 | 28 -8.3 88 [0318 mnput.

80 805 [ 0124 | 32 95 101 | 0317
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Fig.5 Current film for each voltage level

InFig 5 shows that increasing voltage will cause a
rising of power factor and be steady at about 0.3-0.35.

B. Light tirmsmission rate result

The light transmission rate result will be

shown in table.2. 3. 4 and 5. And light intensify

unit will be used as lux.

Table 2 Light intensity result on 12 March 2018

Light Infensity(lu)
Time — Inner
0 1 2 3 4 5

1100 | 16441 [ 31227 | 30723 | 4768.7 | 48847 | 48023 | 49250

1130 | 17432 | 3229.7 | 3303.7 | 49753 | 5016.7 | 7006.0 | 7467.7

12.00 | 14225 | 32563 | 3224.7 | 4933.0 | 49663 | 40593 | 40603

1230 | 12077 | 3239.0 | 44937 | 48030 | 49283 | 4033.0 | 49337

13.00 | 14255 | 3073.3 | 3081.0 | 4777.7 | 48613 | 48750 | 48740

1330 | 9040 | 2008.0 | 2168.0 | 31543 [ 32520 | 32540 | 3290.0

14.00 | 13163 | 2267.0 | 2785.3 | 3278.7 | 33413 | 33320 | 44127

1430 | 10505 | 2274.7 | 28573 | 33303 | 3306.7 | 3332.7 | 44703

1500 | 9213+, 22593 | 2751.0 | 32363 | 32473 | 32860 | 33017

1530/ 9162 | 1736.7 |.1830.3 | 22823 | 25123 | 28230 | 2956.0

1600 0057 1568.0 [ 18447 | 2173.7 | 21820 | 2191.7 | 22063

1630 | 8043 | 10930 | 13523 | 15040 | 15163 | 15163 | 15193

17.00 | 1235-| 10807 | 11747.[ 12233 | 12670 | 13020 | 13243
Table 3 Light intensity result on 15 March 2018

Light Intensity(hux)
Time Inmer
e PN 2 ] 3 | & | 3

1100 | 9465 | 2267.0-| 25847 | 20423 | 3041.0 | 3276.3 | 3780.7
1130 | 11138 | 23010 | 29287 | 30570 | 3102.7 | 3318.7 | 4049.7
12.00 | 9888 | 20197 | 2934.7 | 31003 | 3664.3 | 34317 | 29717
1230 | 9572 |-27983 | 4102.0 | 43223 | 42750 | 41913 | 4136.7
13.00 | 10762 [ 2335.7 | 3193.7 | 20947 | 3079.0 | 2784.7 | 3250.0
1330 | 8399 | 24073 33910 | 35203 | 34783 | 3497.7 | 34723
14.00 |"10342 | 2110.7 | 2818.0 | 2732.7 | 2907.0 | 2866.0 | 2910.0
1430 | 7850 1854.0| 2455.0 | 2580.7 | 2593.7 | 2602.0 | 2606.0
15,00 | 7129 | 17287 | 2401.0 | 25223 | 2544.0 | 25553 | 2560.3
1530 | 6786 |-10447 | 14113 | 15033 | 1641.7 | 22157 | 2312.0
16.00- 5908 | 13353 | 18323 | 19160 | 19293 | 19213 | 1925.0
1630 | 4975 | 11043 | 15733 | 1671.0 | 1672.0 | 1674.7 | 1682.0
17.00 | 3585 | 11270 | 11357 | 11310 | 7403 | 7327 | 7233




Table 4 Light intensity result on 17 March 2018

Light Intensity(lus)
Time Inmer
ey 0 1 2 3 4 3
1100 | 9684 | 23440 | 32827 | 35013 | 35483 | 34137 | 34790
1130 | 9470 | 2306.0 | 3241.3 | 33847 | 3347.7 | 3364.7 | 33773
1200 | 10382 | 22097 | 3241.7 | 34270 | 34963 | 35110 | 35040
1230 | 8026 | 1981.0 | 2803.7 | 29173 | 29440 | 29543 | 2980.7
13.00 | 8594 | 20163 | 28550 | 28743 | 2778.3 | 2858.0 | 2890.0
1330 | 7827 | 2030.7 | 28003 | 20243 | 2020.0 | 2921.7 | 2929.0
1400 | 9549 | 15273 | 2061.7 | 31657 | 3081.0 | 31083 | 27160
1430 | 8571 | 20727 | 18313 | 19143 | 2330.0 | 30993 |-30840
1500 | 6997 | 17833 | 24053 | 2530.7 | 2543.7 | 25800 | 25927
1530 | 5842 | 1536.7 | 21200 | 22100 | 222373 | 22217 | 22343
1600 | 5445 | 10963 | 1709.0 | 20523 | 2118.0 | 2108:3-| 2085.7
1630 | 4985 | 12063 | 16960 | 1793.0 | 1778.0 | 1755.0 [ 1712.0
17.00 | 3450 | 9127 | 12350 | 42723 | 12883 /f 12883 | 12873
From the table.2.3 and 4 can be calculated
into the result in table 5 with average value and be
compared to percentage value. It shows when
increasing voltage level on film until it reaches level
2. at 30 V. the arrangement of liquid crystal will meet
the saturated point or translucent level of PDLC reach
the steady stafe.
Table.5 Light intensity percentage average result
Light Intensity(percent)
Time Inner
O T 17 TN et | 5
11.00 100 224 | 285 | 3214, 328 |"332).353
1130 100 212 | 265 | 306 | 30:7 332 | 383
1200 100 215 | 279 | 330 | 352 | 345, | 329
1230 100 269 | 383 | 407 | 407 | 405 | 404
13.00 100 2232 | 282 | 316 | 31.7 | 311 | 327
13.30 100 256 | 334 | 381 | 382 | 383 | 384
14.00 100 179 | 233 | 282 | 286 | 285 | 300
1430 100 232 | 266 | 290 | 306 | 337 | 372
15.00 100 248 | 326 | 356 | 358 | 361 | 363
1330 100 202 | 257 | 283 | 299 | 338 | 349
16.00 100 200 | 276 | 314 | 319 | 318 | 317
1630 100 200 | 275 | 294 | 294 | 292 | 290
17.00 100 243 | 279 | 284 | 252 | 253 | 253
Average 100 223 | 288 | 320 | 324 | 332 | 340

V. CONCLUSION

A

Energy consumption conclusion

From the observation when apply voltage
source to PDLC film started from 15 to 80 volts.
Liquid crystal molecules will arrange themselves
more orderly according to the rising of voltage
level, that lets more amount of light be able to pass
through the film From the result in table.1. it was
found that the relation between applied voltage
level and energy consumption is similar to
exponential graph due fo the theory equation
“S=1?Z", so PDLC current value is in linear form
and that cause power result is in exponential form.
For example, when applving voltage level at 30
wolts. it will cause appearance energy consumption
at 1.4 VA While applving voltage level at 60 volts.
Tt will cause at 5.6 VA And it was also found that
most of the result have the power factor
approximately at 0.30-0.33.

B. Light transmission rate conclusion

B3]

From the transmission rate result. it was
found that when applying more voltage to film
The light transmission rate will mcrease as well.
Meanwhile the rising of hght transmission rate
will not consistent with the applied voltage level as
it should be because of PDLC characteristic. From
the result we can conclude that liquid crystal inside
PDLC will nse and go to steady state in
approximately at 30 volts. For example, from
table 5, at 30 volts cause light transmussion rate at
32 percent. While at 70 volts cause light
transmission rate at 34 percent. It will see that the
difference of between 30 and 70 volts are just only
2 percent. So. it will be waste to apply a high power
to film for a long time, it should be used just only
in extreme condition such as poor outside weather.
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ABSTRACT

THIS THESIS AIMED TO DESIGN AND DEVELOP THE VOLTAGE
CONTROL CIRCUIT FOR INTELLIGENT WINDOW IN ORDER TO ADJUST THE
VOLTAGE LEVEL FOR APPLYING TO INTELLIGENT WINDOW ACCORDING TO THE

LEVEL OF LIGHT INTENSITY OR USER REQUIREMENT.

THE RESULT INDICATED THAT VOLTAGE CONTROL CIRCUIT
DESIGNED FOR INTELLIGENT WINDOW CAN BE USED AS EXPECTED. THAT ALSO
INCLUDED BOTH MANUAL MODE AND AUTOMATIC MODE BY USING LIGHT
SENSOR (LDR). BY USING LIGHT INTENSITY TO DETERMINE ANALOGUE VALUE
FOR CONTROLLING THE VOLTAGE CONTROL CIRCUIT IN INTELLIGENT
WINDOW. AND THESE WERE THE VOLTAGE LEVEL FOR EACH LEVEL, LEVEL 0
AT 0 VOLT, LEVEL 1 AT 15 VOLTS, LEVEL 2 AT 30 VOLTS, LEVEL 3 AT 45 VOLTS
AND LEVEL 4 AT 70 VOLTS. IN THE FUTURE, IT CAN BE USED IN PURPOSE FOR

ENERGY SAVING INSIDE BUILDING.
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Aa s (lux)
na malu
nguan
0 1 2 3 4 5
11.00 11863 | 2578 | 3280 | 3737 | 3825 | 3861 | 4062
11.30 12680 | 2612 | 3158 | 3806 | 3822 | 4563 | 4965
12.00 11498 | 2495 | 3134 | 3820 | 4042 | 3967 | 3815
1230 | 9892 2673 | 3800 | 4044 | 4049 | 4026 | 4017
13.00 11204 | 2475 | 3043 | 3549 | 3573 | 3506 | 3671
1330 | 8422 2149 | 2786 | 3200 | 3217 | 3224 | 3230
14.00 11018 | 1969 | 2555 | 3059 | 3110 | 3102 | 3346
1430 | 8975 2067 | 2381 | 2608 | 2743 | 3011 | 3387
15.00 | 7780 1924 | 2519 | 2763 | 2778 | 2807 | 2821
1530 | 7263 1439 | 1787 | 1999 | 2126 | 2420 | 2501
16.00 | 6803 1333 | 1795 | 2047 | 2076 | 2074 | 2072
1630 | 6001 1135 | 1541 | 1656 | 1655 | 1649 | 1638
17.00 | 4757 1040 | 1182 | 1209 | 1099 | 1108 | 1112
Average | 9846 2157 | 2747 | 3125 | 3176 | 3277 | 3386
5T 3 Tufinroulossuans msde e e
manuduias (odidud)
1 molu
meuen
0 1 2 3 4 5

11.00 100 224 | 285 | 321 | 328 | 332 | 353

11.30 100 212 | 265 | 306 | 307 | 352 | 383

12.00 100 215 | 279 | 33.0 | 352 | 345 | 329

12.30 100 269 | 38.3 | 40.7 | 40.7 | 405 | 404

13.00 100 222 | 282 | 316 | 317 | 311 | 327

13.30 100 256 | 334 | 38.1 | 382 | 383 | 384

14.00 100 179 | 233 | 282 | 286 | 285 | 30.0:

14.30 100 232 | 266 | 29.0 | 30.6 | 33.7 | 372

15.00 100 248 | 326 | 356 | 358 | 36.1 | 363

15.30 100 202 | 257 | 283 | 299 | 338 | 349

16.00 100 200 | 27.6 | 314 | 319 | 318 | 317

16.30 100 200 | 27.5 | 29.4 | 294 | 292 | 290

17.00 100 243 | 279 | 284 | 252 | 253 | 253
Average | 100 223 | 28.8 | 32.0 | 32.4 | 332 | 340
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